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Abstract 
Maintaining the voltage profile in transmission line is very much important to maintain 
powers system stability. Due to load fluctuations, the voltage in all the buses may not be 
maintained. FACTS devices are much helpful in voltage compensation. UPFC is one among 
the FACTS devices which is used to serve this purpose. The load is increased in IEEE 30 bus 
system to simulate voltage sag condition. The location of UPFC is found using particle 
swarm optimization (PSO). The power loss during fault and the corresponding dip in voltage 
is compensated using UPFC. The power flow shows that the voltage in all buses is 
maintained within the permissible limits. The entire simulation has been demonstrated in 
IEEE 30 bus system. 
 
Index terms- unified power flow controller, particle swarm optimization 
 
INTRODUCTION 
The complex power generation and 
transmission system involves several 
components to maximize the output. One 
of the significant components is the 
reactive power in the system which is due 
to substantial inductive loads. Maintaining 
the voltage is must to convey active power 
through the lines. Reactive power is 
needed for proper function of motor loads 
and other loads. The performance of ac 
power systems is influenced by managing 
this reactive power in a well-organized 
way and this is recognized as reactive 
power compensation. Load compensation 
and voltage support are the two aspects in 
reactive power compensation. Load 
compensation entails improvement in 
power factor, balancing of real power 
drawn from the supply, superior voltage 
regulation, etc. of large inconsistent loads. 
Voltage support comprises of reduction of 
voltage fluctuation at a given terminal of 
the transmission line. The expansion and 
usage of Flexible AC Transmission 
System (FACTS) controllers in power 
transmission systems had steered many 
applications of these controllers to increase 
the stability of power grids. Numerous 
FACTS devices, such as static 
synchronous compensators (STATCOMs), 
static synchronous series compensators 
(SSSCs), and unified power flow 
controllers (UPFC) are widely used in 
power grid because of their skill to steady 
power transmission systems and to 
enhance power quality in power 
distribution network. STATCOM which is 
a shunt compensating device is used to 
compensate real and   reactive power. 
SSSC which is a series compensating 
device works in the same way as a 
STATCOM. SSSC has voltage source 
converter (VSC) which is connected to the 
transmission line via transformer in series. 
UPFC is the most important FACTS 
devices because of its capacity to control 
the three parameters of power flow either 
simultaneously or separately. It can 
compensate both the real and reactive 
power in transmission line. It regulates the 
bus voltages simultaneously in 
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transmission lines, to improve transient 
stability and to compensate variable 
reactive power. So the UPFC is chosen as 
an apt FACTS device in this paper. 
 
UNIFIED POWER FLOW 
CONTROLER 
Unified power flow controller (UPFC)is 
such a multi-variable power grid 
controller, nowadays is important to 
analyze its effect on power grid operation. 
Unified Power flow controller (UPFC) is 
one of the devices which can control 
simultaneously all three parameter such as 
series, shunt and phase angle 
compensation. It has ability to control real 
and reactive power flow in a transmission 
line while simultaneously regulating the 
voltage of the bus to which it is connected. 
It comes from FACTS devices STATCOM 
and SSSC [1] 
 
The UPFC system is controlled by the two 
voltage source controller which can be 
also denoted by the shunt and series 
inverter. The basic configuration of UPFC 
is represented in Figure 1.Shunt inverter 
and series inverter can generate reactive 
power independently [1].These two 
inverters are connected with the DC link 
capacitor which allows for all the three 
functions namely series, shunt and phase 
angle compensation to be unified in one 
unit. The shunt transformer is connected 
by shunt inverter which can perform the 
function of a variable reactive power 
source and it is also charge the DC link 
capacitor. 
 
 
Fig .1 Basic configuration of UPFC. 
On the other hand series inverter is 
connected with the series transformer 
which can provide series or phase angle 
compensation. The DC link capacitor 
voltage will preferably be constant. In 
such case series can perform alone 
because series inverter only 
supplies/consumes reactive power not real 
power. 
 
The function of phase angle compensation, 
the transmission line current Isc is related 
with series voltage source the arbitrary 
phase relation which provide real and 
reactive power to the transmission line. 
Under this circumstances, when the dc link 
capacitor starts to discharge then series 
inverter generate real power. In this 
condition voltage will decrease which 
reflect as a load on shunt inverter [1] 
 
THE UPFC CONTROL SYSTEM 
The UPFC control system based on the 
synchronous references theory 
The control system of proposed system 
which is comprised of three following 
parts:  
a) Shunt inverter control 
b)  DC link voltage control 
c) Series inverter control 
 
a)shunt inverter control 
The control system for the shunt inverter 
has to be designed to cover these two 
functions. In normal operation, the shunt 
control calculates the compensating 
current for the harmonic current and the 
reactive power, considering the power loss 
due to the system and inverter operation. 
This loss should be compensated to 
maintain the DC-link voltage during 
operation of the series inverter.[2] 
 
Figure 2.shows the UPFC shunt inverter 
controlling block diagram using 
synchronous reference frame theory where 
the sensitive load currents are ila, ilb, and ilc. 
The measured currents of load are 
transferred into dq0 frame using sinusoidal 
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functions through dq0 synchronous 
reference frame conversion[3]. The 
sinusoidal functions are obtained through 
the grid voltage using PLL. Here, the 
currents are divided into AC and DC 
components. 
 
ild= ld + ld ,      ilq  = lq + lq 
The active part of current is id and iq is the 
reactive one. AC and DC elements can be 
derived by a low pass filter. Controlling 
algorithm corrects the system's power 
factor and compensates the all current 
harmonic components by generating the 
reference currents as the below given 
relation Here, the system currents are 
  
isd  = lq ,isq= 0 
 
 
Fig 2. dq0 controller of shunt inverter 
 
In order to track the error between the 
measured and desired capacitor voltage 
values, a PI controller is applied.[3] The 
resulted controlling signal is applied to 
current control system in shunt voltage 
source inverter which stabilizes the  DC 
capacitor voltage by receiving required 
power from the grid. Δi DC, the output of 
PI controller is added to the q component 
of reference current and so the reference 
current would be of the form 
i
*
cd = ld+ idc ,    i
*
cq=ilq 
 
b) DC Link Voltage Control 
A PI controller is used to track the error 
that exists between the measured and 
desired values of capacitor voltage in order 
to control the D.C link voltage and is 
shown in Figure 3. 
 
This signal is applied to current control 
system in shunt voltage source inverter in 
a way that the D.C capacitor voltage is 
stabilized by receiving the required active 
power from the grid. Correct regulation of 
proportional controller's parameters plays 
an important role in D.C voltage control 
system's response. Too much increase in 
proportional gain leads to instability in 
control system and too much reduction 
decreases the responding speed of control 
system. Integral gain of controller corrects 
the steady state error of the voltage control 
system 
 
If this gain value is selected large, the 
resulted error in steady state is corrected 
faster and too much increase in its value 
ends in overshoot in system response. 
 
 
Fig 3.Controller for maintaining DC   line 
voltage 
 
c)Series Inverter Control  
 
Fig 4. dq0 controller for series inverter 
 
The function of series inverter is to 
compensate the voltage disturbance in the 
source Figure 4. dq0 controller for series 
inverter 
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side, which is due to the fault in the 
distribution line.  Sinusoidal voltage 
controlling strategy of load is generally 
proposed to control the series part of   
Figure 4. dq0 controller for series inverter 
  
Here, the series part of UPFC is controlled 
in a way that it compensates the whole 
voltage distortions and maintain load 
voltage 3- phase balanced sinusoidal. In 
order to reach this, the synchronous 
reference frame theory is applied [3] 
 
In this method the desired value of load 
phase voltage in d-axis and q-axis is 
compared with the load voltage and the 
result is considered as the reference signal. 
The controlling circuit of series inverter is 
shown in Figure 4. [3] 
 
PARTICLE SWARM 
OPTIMIZATION 
Particle swarm optimization (PSO) has 
become a common heuristic technique in 
the optimization community. A standard is 
defined here which is designed to be a 
straight forward extension of the original 
algorithm while taking into account more 
recent developments that can be expected 
to improve performance on standard 
measures[4]. This standard algorithm is 
intended for use both as a baseline for 
performance testing of improvements to 
the technique, as well as to represent PSO 
to the wider optimization community.  
particle swarm optimization is a 
computational method that optimizes a 
problem by iteratively trying to improve a 
candidate solution with regard to a given 
measure of quality.[5] PSO optimizes a 
problem by having a population of 
candidate solutions, here dubbed particles, 
and moving these particles around in the 
search-space according to simple 
mathematical formulae over the particle's 
position and velocity. Each particle's 
movement is influenced by its local best 
known position but, is also guided toward 
the best known positions in the search-
space, which are updated as better 
positions are found by other particles. This 
is expected to move the swarm toward the 
best solutions. A basic variant of the PSO 
algorithm works by having a population 
(called a swarm) of candidate solutions 
(called particles) [6]. 
 
These particles are moved around in the 
search-space according to a few simple 
formulae. The movements of the particles 
are guided by their own best known 
position in the search-space as well as the 
entire swarm's best known position.[7] 
When improved positions are being 
discovered these will then come to guide 
the movements of the swarm. The process 
is repeated and by doing so it is hoped, but 
not guaranteed, that a satisfactory solution 
will eventually be discovered. 
Initialization of velocities may require 
extra inputs. A simpler variant is the 
accelerated particle swarm optimization, 
which does not need to use velocity at all 
and can speed up the convergence in many 
applications.[7]  
 
ALGORITHM IMPLEMENTATION 
To correctly implement the PSO 
algorithm, several aspects have to be 
considered: (i) define a proper fitness 
function to evaluate the performance of 
each individual in the population, (ii) 
define the particle vector such that each 
individual represents a potential solution to 
the optimization problem, (iii) characterize 
the search space taking into account 
feasible solutions and discarding infeasible 
ones, and (iv) tune parameters, such as 
inertia and acceleration constants, to 
achieve optimal performance of the 
algorithm (less computational effort, more 
accuracy, etc. (i) Fitness function 
definition To evaluate each particle’s 
position it is necessary to define a fitness 
function that can properly take into 
account the main objectives that are 
pursued. In this case, the fitness function 
corresponds to the objective function 
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defined in. (ii) Particle definition The 
particle is defined as a vector containing 
the location (bus number) of the UPFC 
units and their sizes as shown. All 
components of the particle vector (bus 
numbers and sizes) are integer numbers, 
(iii) Search space definition The following 
rules are applied to guarantee that all the 
particles move only over the feasible 
region: Each time that a particle’s new 
position includes a generator bus, the 
position is changed to the geographically 
closest load bus(7). Considering the 
location constraint presented in, where all 
the bus numbers must be between 1 and 
30, the algorithm is programmed to re-
randomize the value of k1 if the 
corresponding constraint is violated. 
Considering the voltage profile constraint 
in, if the solution does not satisfy the 
maximum voltage deviation for all the 
buses, then the corresponding fitness 
function value is set to infinity. Finally, if 
the maximum size of the UPFC units is 
exceeded or if a negative value is 
calculated then g1 is re-randomized 
accordingly. (iv) PSO parameters In the 
PSO algorithm, there are five different 
parameters to be tuned for optimal 
performance: (a) type and value of inertia 
constant (uic) (b) acceleration constants u1 
and u2 (c) maximum velocity (Vmax) for 
each dimension of the problem 
hyperspace, (d) number of particles in the 
swarm, and (e) maximum number of 
iterations. While the values for 
acceleration constants, maximum velocity, 
and inertia constant are mostly related to 
the nature of the problem (allocation of 
FACTS devices).  
 
The values of the number of particles and 
maximum number of iterations are 
associated with the size of the problem 
hyperspace, which depends on the size of 
the power system and the number of units 
to be allocated.[4] 
 
Steps followed in the Algorithm 
Step 1 Choose the population size, the 
number of generations, ωmin, ωmax, 
c1min, c1max, c2min, c2max max 0 v 
Step 2 Initialization the velocity and 
position of all particles are randomly set to 
within pre-specified or legal range.  
 
Step 3 Set time counter k = 1 and particle i 
= 1.  
Step 4 For each particle solve AC power 
flow using Newton – Raphson’s method. 
Step 5 Evaluate the fitness for each 
particle according to the objective 
function.  
Step 6 Compare particle’s fitness 
evaluation with its Pbesti. If current value 
is better than Pbesti, then set Pbestiequal 
to the current value. Identify the particle in 
the neighborhood with the best success so 
far, and assign its index to Gbest. 
Step 7 Velocity updating by using the 
global best and individual best of each 
particle according to . 
Step 8 Position updating by using the 
updated velocities, each particle changes it 
position according to. 
Step 9 When any stopping criteria are 
satisfied stop program, go to step 12. 
Step 10 Increment i. 
Step 11 If i > total number of particle, set i 
=1 and increment k, go to step 4; Else go 
to step 4. 
Step 12 Stop program, output results.  
 
The basic PSO searches in the solution 
space by the guidelines of the Pbestand 
Gbest..as the new particles take new 
positions that are based on the Pbestand 
Gbest, there may be solutions that are not 
visited. This increases the probability of 
PSO to trap into local minima. Instead of 
adjusting the velocities of all particles by 
the standard equation of PSO, some 
particles are given randomly generated 
velocities. These particles are called crazy 
particles. The particles that are to be given 
random velocity are selected randomly. A 
proper balance is maintained between 
exploration (global search) and 
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exploitation (local search) and random 
search. [4] 
 
Fig 5. simulation for IEEE 30 bus system 
with overload and UPFC 
 
IMPLEMENTATION OF UPFC 
USNIG PSO 
PSO starts with the random initialization 
of a swarm of particles in the search space 
and works on the social behavior of the 
particles in the swarm.  
 
As a result, it finds the global best solution 
by simply adjusting the trajectory of each 
particle towards its own best location and 
towards the best particle of the swarm at 
each time step. By using the steps 
followed in algorithm given above. The 
PSO algorithm is written in Simulation 
and its output is directly linked with the 
UPFC controller by using those parameters 
the reactive power compensation is take 
place in the transmission system. 
 
IMPLEMENTATION OF UPFC IN 
IEEE 30 BUS SYSTEM 
UPFC is always located on a load bus. The 
bus on which UPFC is being placed is 
converted from PV bus to PQ bus. Thus 
UPFC is considered as a synchronous 
generator whose real power output is zero 
and its voltage is set to nearly 1 p.u. It is a 
shunt controller and it injects current to the 
transmission line. System voltage is 
greater than generator voltage, it absorbs 
the reactive power and if smaller then it 
generates the reactive power.[4] The 
optimal power flow is obtained from the 
conventional method and the weak bus is 
identified, by using these data’s the UPFC 
is connected to the weak bus in the 
transmission system.[8] It can be used by 
voltage source converter, switching 
operation the reactive power is 
compensated. After connecting the UPFC 
the voltage stability of the transmission 
system is increased.  
 
The additional load should be added in 
30
th
   bus in IEE 30 bus system. so that 
voltage sag perform in the 30
th 
bus system. 
Voltage sag should be compensate by 
using UPFC in 20
th
 bus system are shown 
in the Figure 5 and Figure 6. 
 
SIMULATION AND RESULTS 
The below shown figure 5 represent the 
simulation diagram for IEEE 30 bus 
system with UPFC and we increasing the 
load in 30
th 
bus and to create the voltage 
sag in the IEEE 30 bus system. The 
voltage sag should be compensated by 
placing the UPFC  device. The figure 6 
represent the simulation diagram for UPFC 
devices. 
 
After placing the UPFC device voltage sag 
is compensated. Table 1 represents the 
output no-load (Vno-load) represent the 
bus voltage during normal conditions. 
Vload represent the bus voltage with 
simulated fault(overloading).   
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Fig 6. simulation for UPFC
Table 1.voltage profile of IEEE30 bus with and without UPFC 
 
Bus no 
 
Vno-load 
(normal condition)p.u 
Vload(fault condition) 
Without UPFC 
(fault not cleared)p.u 
With UPFC 
(faulted cleared)p.u 
1 -0.0007 0.001852 0.001852 
2 -0.00069 0.001819 0.001819 
3 5.33e-08 0.00155 0.00155 
4 2.05e-07 0.001538 0.001538 
5 -0.0007 0.001813 0.001813 
6 -1.38e-13 0.001317 0.001371 
7 4.96e-07 0.001521 0.001521 
8 -0.00052 0.001193 0.001193 
9 -2.23e-13 0.001732 0.001732 
10 1.62e-07 0.00164 0.00164 
11 -1.72e-05 0.002455 0.002455 
12 -1.79e-07 0.001789 0.001789 
13 -0.0002 0.002243 0.002243 
14 2.86e-07 0.001741 0.001741 
15 7.70e-08 0.001698 0.001698 
16 -3.15e-07 0.001747 0.001747 
17 5.27e-09 0.00164 0.00164 
18 -9.82e-08 0.00168 0.00168 
19 -4.89e-08 0.00162 0.00162 
20 -6.03e-08 0.001609 0.00609 
21 -3.66e-07 0.001597 0.001597 
22 1.73e-13 0.001524 0.001524 
23 -6.96e-08 0.001534 0.001534 
24 -1.12e-07 0.001337 0.001337 
25 3.65e-14 0.000699 0.000699 
26 -1.38e-08 0.000699 0.000699 
27 8.68e-15 0.00034 0.00034 
28 5.66e-06 2.50e-06 2.50e-06 
29 -5.82e-09 4.44e-08 4.44e-08 
30 -2.55e-09 0.000144 1.99e-04 
 
CONCLUSION AND FUTURE SCOPE 
The power flow was carried out for IEEE 
30 bus system and the bus voltage are 
verified and found to be within limits. The 
fault was simulated by increasing the load 
at bus number 30. 
It was found that the voltage at bus 
number 20 had been increased to 
(0.00609)p.u which is not the permissible 
value. The ideal location of UPFC had 
been identified as bus number 20 by 
Particle swarm algorithm. 
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Particle swarm optimization algorithm 
based single objective optimal location of 
UPFC device is proposed in this work. 
Single objective optimization problem like 
voltage sag related power dispatch with 
loss minimization objective have been 
solved. Simulation results show that the 
proposed scheme based on PSO is capable 
of handling mixed integer as well as non 
linear optimization problems. This method 
is capable of obtaining better voltage 
stability when compared to conventional 
method. 
 
Results shows that placing of UPFC 
mitigates voltage disorder and Particle 
swarm optimization algorithm is a superior 
algorithm for identification of location 
placement of chosen FACTS devices.  
 
In future, different FACTS devices like 
UPQC and IPFC can be implemented in 
the transmission system to obtain the 
optimal location and harmonics reduction, 
to maintain power quality profile like 
voltage stability and the compensation 
effectiveness. Hardware implementation 
can be done.  
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